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(54) Title of the Invention: A METHOD FOR MANUFACTURING A 
STEEL PLATE COATED WITH A FLUORINE- CONTAINING RESIN 
(57) Abstract : 

[Object] To obtain a resin-coated steel plate exhibiting 
both excellent heat resistant adhesive properties and 
excellent heat resistant non-stick properties, and suitable 
for use in cookware and heat-cooking utensils. 
[Constitution] A method comprising coating the surface of 
the steel plate with a primer which consists of a mixture 
of a fluororesin and a heat resistant resin, baking the 
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coating, preheating the steel plate, laminating a layer of 
tetrafluoroethylene perf luoroalkyl vinyl ether copolymer 
film by press-adhesion, irradiating the resin film surface 
with electron beams at a dose of 550 kGy, and heating the 
steel plate at a temperature of 320 or higher. 
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[Claims] 

[Claim 1] A method for manufacturing a steel plate 
coated with a fluorine-containing resin comprising coating 
the surface of the steel plate with a primer which consists 
of a mixture of a fluororesin and a heat resistant resin, 
baking the coating, preheating the steel plate, laminating 
a layer of tetraf luoroethylene perf luoroalkyl vinyl ether 
copolymer film by press-adhesion, irradiating the resin 
film surface with electron beams at a dose of 5-50 kGy, and 
heating the steel plate at a temperature of 32 0 or higher. 
[Detailed Description of the Invention] 

[Industrial Application of the Invention] 
The present invention relates to a method for 
manufacturing a fluororesin film coated steel plate which 
is suitable for use in kitchen utensils such as cookware, 
heat-cooking utensils, and the like. 

[Prior Art] 

Fluororesin is widely used as a composite material 
with steel in food cooking utensils such as a bread or cake 
cooker (waffle iron) , frying pan, heat -cooking utensils 
such as a microwave oven, an iron pot of jars, a gas table 
plate, and the like due to its superior heat resistance, 
non-stick properties, resistance to stain, and the like. 
Conventionally, fluororesin films are formed on food 
cooking utensils by coating a fluororesin or a mixture of a 
fluororesin and a heat resistant resin onto a steel plate 
surface and baking the coating at a high temperature. 
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However, because the coating is formed by baking a 
fluorine-containing paint, it is difficult to avoid 
formation of pinholes during the coating step and baking 
step. Because of this, non-stick properties and resistance 
to stain cannot be maintained over a long period of time. 
In addition, various defects may be produced through 
pinholes . 

Formation of pinholes can be prevented by covering 
the surface of a steel plate with a fluororesin film with 
no holes. For example, Japanese Patent Applications Laid- 
open No. 124081/1978 and No. 98372/1978 disclose a method 
of causing a fluororesin film with no holes to adhere by 
laminating a film of fluorine-containing polymer heated to 
a temperature above the melting point of the fluorine- 
containing polymer over the steel plate surface and 
pressing the laminate with a rubber roller. Japanese Patent 
Application Laid-open No. 162243/1993 discloses a method of 
attaching a thermoplastic fluororesin film onto a steel 
plate surface by fusion via a surf ace- treated layer of a 
mixture of a fluororesin and a heat resistant resin. 
Moreover, Japanese Patent Applications Laid-open No. 
344505/1994 and No. 125136/1995 disclose a method of 
improving adhesion properties of a fluororesin film by 
adjusting the temperature conditions of a heating and 
reheating treatment. 

[Problems to be Solved by the Invention] 
However, it is difficult to obtain a fluororesin 
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film coated steel plate which satisfies both heat resistant 
adhesive properties and heat resistant non-stick properties 
at the same time by using the conventional manufacturing 
conditions. Particularly, superior food burning resistant 
properties are required for the application to cookware or 
food heating utensils. However, sufficient food burning 
resistant properties cannot be obtained using conventional 
fluororesin film coated steel plates. 

The present invention has been achieved to solve 
these problems and has an object of providing a fluorine- 
containing resin film coating with improved anti-food 
burning properties by irradiating electron beams onto the 
fluorine-containing resin film coating adhering to a steel 
plate from the film surface side. 

[Means for Solving the Problems] 

The above object can be achieved in the present 
invention by a method for manufacturing a steel plate 
coated with a fluorine-containing resin which comprises 
coating the surface of the steel plate with a primer which 
consists of a mixture of a fluororesin and a heat resistant 
resin, baking the coating, preheating the steel plate, 
laminating a layer of tetraf luoroethylene perf luoroalkyl 
vinyl ether copolymer film by press-adhesion, irradiating 
the resin film surface with electron beams at a dose of 550 
kGy, and heating the steel plate at a temperature of 320 or 
higher. The steel plate used includes 55% Al-Zn alloy- 
plated steel plates, Al-plated steel plates, stainless 
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steel plates, and the like which may be optionally 
subjected to a phosphate treatment or a coating- type 
chromate treatment in advance. 

A primer consisting of a mixture of a fluororesin 
and a heat resistant resin is applied to the steel plate 
and baked prior to press-adhesion and lamination of the 
tetraf luoroethylene perf luoroalkyl vinyl ether copolymer. 

As the fluororesin which is a component of the 
primer, at least one resin selected from the group 
consisting of a polytetraf luoroethylene resin, 
tetraf luoroethylene perf luoroalkyl vinyl ether copolymer 
resin, and tetraf luoroethylene -6 flurorinated propylene 
copolymer resin can be used. As the heat resistant resin, 
at least one resin selected from the group consisting of a 
polyimide resin, polyamideimide resin, polyether sulfone 
resin, and polyphenyl sulfone resin can be used. 

A coloring pigment, rust preventive pigment, filler, 
and the like are added to the primer as required. A primer 
layer with a coating thickness of 220 jam is applied to a 
steel plate surface. The primer is a fluororesin 
dispersion/heat resistant resin dissolution- type paint 
including a fluororesin insoluble in solvents. The primer 
is thus a thixotropic paint which is relatively difficult 
to roll-coat. Therefore, it is desirable the primer be 
roll -coated onto a steel plate by a top feed-type full 
reverse method. 

Press-adhesion and lamination of the 
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tetrafluoroethylene perf luoroalkyl vinyl ether copolymer 
film coated on the steel plate as a primer coating can be 
performed immediately after the application and baking of 
the primer. Alternatively, after the application and 
drying at about 200, the primer may be once cooled to room 
temperature before melting the heat resistant resin. 

The tetrafluoroethylene perf luoroalkyl vinyl ether 
copolymer film is pressured onto a steel plate at any 
temperature above the melting point of the 
tetrafluoroethylene perf luoroalkyl vinyl ether copolymer 
film. The coating is then reheated immediately after 
lamination or after having been once cooled to room 
temperature. A common catenary- type hot blast stove, 
floater- type hot blast stove, electromagnetic induction 
heating furnace, or the like may be used for reheating. 
After reheating, the resin film coated steel plate may be 
roll -pressed prior to cooling. Cooling may be performed 
either by way of rapid quenching such as water-cooling or 
by way of slow cooling. In addition, reheating may be 
carried out intermittently. 

The polytetrafluoroethylene resin, which most 
predominantly possesses the features of f luororesins, not 
only exhibits the highest heat resistance, chemical 
resistance, and radiof requency characteristics among 
various thermoplastic resins, but also has a uniquely low 
coefficient of friction and non-stick properties. 

However, because the polytetrafluoroethylene resin 
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does not become fluid at temperatures above the melting 
point, melt fabrication is not applicable to the resin. 
Tetraf luoroethylene-6-f lurorinated propylene copolymer 
resins which are adaptable to melt fabrication, while 
possessing as much of the favorable characteristics of 
polytetraf luoroethylene resins as possible, has a low 
melting point of about 50, which renders the resins less 
heat resistant. 

In contrast, the tetraf luoroethylene perf luoroalkyl 
vinyl ether copolymer resin is not only adaptable to melt 
fabrication, but also has a melting point of about 3 02310. 
In addition, the continuous use temperature of the resin is 
as high as 260. Moreover, its characteristics such as high 
chemical resistance, low friction, and non-stick properties 
are comparative to those of polytetraf luoroethylene resins. 
The resin can also exhibit superior design printing 
capabilities. Therefore, this is a fluorine-containing 
resin which is ideal for use in film coated steel plates 
requiring high heat resistance, non-stick properties, and 
design printing. 

Any films of tetraf luoroethylene perf luoroalkyl 
vinyl ether copolymer can be used without specific 
limitations inasmuch as the films do not have pinholes. 
The films having a thickness of 20 to 100 jam are 
preferable. As required, the films with a color pigment 
incorporated therein to provide the films with a color or 
the films with pattern printing provided on a press- 
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adhesion surface using a printing ink comprising a heat 
resistant ink and a heat resistant printing ink binder can 
be used. As the heat resistant printing ink binder, a 
tetraf luoroethylene perf luoroalkyl vinyl ether copolymer 
resin, polytetraf luoroethylene resin, and the like can be 
given. In addition, to increase adhesive properties to the 
primer, the primer side surface of tetraf luoroethylene 
perf luoroalkyl vinyl ether copolymer film can be treated 
with corona discharge. The reheating temperature can be 
decreased by irradiating electron beams from a resin film 
side prior to reheating, whereby a decrease in the heat 
resistant non-stick properties can be prevented. As 
electron beams, the use of those commonly called low-energy 
type electron beams of less than 300 kcV is sufficient. 
Other electron beams and y-rays can also be used. The dose 
of irradiation of electron beams is adjusted in the range 
of 550 kGy. 

[Actions] 

Superior anti-food burning properties are required 
for fluororesin film coated plates used for cookware, heat- 
cooking utensils, and the like. The anti-food burning 
properties are judged by the heat resistant non-stick 
properties and heat resistant adhesive properties. The 
heat resistant non-stick properties are evaluated, for 
instance, as follows. Specifically, a mixture of soy 
sauce, sugar, and egg in a ratio of 1:1:1, and cow's milk 
are dropped about 0 . 5 ml onto the surface of a fluororesin 
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film, the film is placed in an heating oven at 260 for one 
hour, and then cooled sufficiently, to' observe if the 1:1:1 
mixture of soy sauce, sugar, and egg and the cow's milk can 
be easily removed from the film surface without burning. 
The heat resistant adhesive properties are the capability 
to prevent formation of swells between the primer which is 
a mixture of a fluororesin and a heat resistant resin and 
the fluororesin film during the test for evaluation of the 
anti-food burning properties. Then, the anti-food burning 
properties are evaluated as the capability of satisfying 
both the heat resistant non-stick properties and heat 
resistant adhesive properties when the above test 
comprising dropping of the 1:1:1 mixture of soy sauce, 
sugar, and egg and the cow's milk, heating at 260 for one 
hour, and cooling has been repeated twenty times. 

The heat resistant adhesive properties are improved 
by maintaining a high reheating temperature. For example, 
although the adhesive properties of a fluororesin film for 
the primer is insufficient before reheating in practical 
use, this can be increased to a level adaptable to 
application by reheating. Moreover, a high reheating 
temperature can not only increase the heat resistant 
adhesive properties, but also is effective in shortening 
the reheating time. However, the heat resistant non-stick 
properties decrease markedly when the reheating temperature 
is raised. The present inventors have conducted extensive 
studies related to the phenomenon of a decrease in the heat 
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resistant non-stick properties accompanied by a reheating 
temperature rise. As a result, the inventors have found 
that when a film of tetraf luoroethylene perf luoroalkyl 
vinyl ether copolymer (which is inherently heat resistant 
resin) is heated, oxygen present in the vicinity of the 
film surface during the reheating operation oxidizes the 
film, even if the heating temperature is as low as a 
temperature at which no heat resistant problems occur with 
bulk resins. The surface oxidation increases the affinity 
of the film with the above-mentioned mixed liquid and cow's 
milk, which results in a decrease in the heat resistant 
non-stick properties. The surface oxidation of the film is 
explained by a decrease in the contact angle with water on 
the film surface according to a reheating temperature rise 
and a decrease in the fluorine atom concentration and 
increase in the oxygen atom concentration in the outermost 
layer as determined by a photoelectron spectroscopic 
analysis of the film surface. Specifically, while the heat 
resistant adhesive properties relate to the characteristics 
in the interface of a resin film and a primer, the heat 
resistant non-stick properties are the characteristics in 
the outermost layer a resin film. 

For these reasons, to secure sufficient heat 
resistant adhesive properties and heat resistant non-stick 
properties, electron beams are irradiated at a dose of 550 
kGy in the present invention. By irradiation of electron 
beams, the molecule chain of the fluororesins which are the 
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component of the tetraf luoroethylene perf luoroalkyl vinyl 
ether copolymer forming the film and the primer is cut, 
thereby decreasing the molecular weight. This decreases 
the melt viscosity, rendering the fluororesins which are 
present on the primer surface easily melted and diffused 
during reheating. Consequently, superior heat resistant 
adhesive properties are exhibited by reheating at a low 
temperature. However, to ensure sufficient heat resistant 
adhesive properties, the steel plates should be heated at 
temperature of 320 or higher. On the other hand, surface 
oxidation of tetraf luoroethylene perf luoroalkyl vinyl ether 
copolymer film becomes remarkable according to the increase 
in the reheating temperature, which significantly impairs 
the heat resistant non-stick properties. 

The molecular chains cut by irradiation of electron 
beams are easy to move, so that the molecules near the film 
surface in which the molecular chains have been oxidized 
tend to have lower energy and are thermodynamically stable. 
These molecules easily penetrate deep into the film and, 
instead, non-oxidized molecules move upward during 
reheating. As a result, oxidation during reheating is 
suppressed, affording the steel plate with superior heat 
resistant non-stick properties. Moreover, since the 
reheating temperature can be lowered, it is possible to 
produce products with superior properties by reheating at a 
temperature lower than 400. To ensure such an effect by 
irradiation of electron beams, it is necessary to adjust 
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the dose of electron beams in the range of 550 kGy. If less 
than 5 kGy, the heat resistant adhesive properties will be 
insufficient due to inadequate cutting of molecular chains, 
making it difficult for the oxidized parts on the film 
surface to penetrate deep into the film. On the other 
hand, if irradiation exceeds 50 kGy, the molecular chain 
cut may become excessive, resulting in formation of cracks 
on the film surface during reheating. This may allow the 
mixed liquid and the like to physically invade the coated 
surface during the test for anti-food burning properties. 
[Examples] 

A 430SS stainless steel plate with a thickness 0.45 
mm was degreased and subjected to a coating- type chromate 
treatment. Then, a mixed resin consisting of a 
polytetraf luoroethylene resin and a polyether sulfone resin 
was applied to a thickness of 7 (am, followed by baking at 
400. A film of transparent tetraf luoroethylene 
perf luoroalkyl vinyl ether copolymer with a thickness 4 0 (am 
was pressed and laminated at a steel plate temperature of 
380, followed by cooling with water. Next, after 
irradiation of electron beams under the conditions shown in 
Table 1, the film was reheated at the steel plate 
temperature shown in Table 1, instantly followed by cooling 
with water. The heat resistant adhesive properties, heat 
resistant non-stick properties, contact angle with water on 
the resin film surface after grinding, and O/F atomic ratio 
by photoelectron spectroscopic analysis of the resulting 
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resin film coated steel plate are shown in Table 1. 
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The heat resistant adhesive properties and heat 
resistant non-stick properties shown in Table 1 are the 
results obtained by the previously mentioned anti-food 
burning properties test. If the 1:1:1 mixture of soy 
sauce, sugar, and egg and the cow's milk could be removed 
from the film surface without burning, the sample was 
evaluated as "Good"; if not removed due to burning, the 
sample was evaluated as "Bad" . In the evaluation of heat 
resistant adhesive properties, if no swelling was produced 
in the interface of the primer and resin film, the sample 
was rated as "Good", whereas if swelling was produced, the 
sample was evaluated as "Bad" . The tests for the heat 
resistant non-stick properties and heat resistant adhesive 
properties were repeated for all samples until neither of 
the properties could be evaluated as "Good" . The number of 
repetitions of these tests is indicated as the heat 
resistant non-stick properties and heat resistant adhesive 
property in Table 1. In the evaluation results in Table 1, 
it is desirable for the products to exhibit 2 0 times or 
more "Good" results in order to be applied to the 
manufacture of cookware or heat -cooking utensils. As can 
be seen in Table 1, in the Test Nos . 1-6 for which 
reheating was carried out after electron beam irradiation, 
sufficient heat resistant non-stick properties were 
exhibited after twenty repetitions of the tests of the 
anti-food-burning properties. This is presumed to be the 
result of increased heat resistant adhesive properties by 



16 



reheating at a low temperature after electron beam 
irradiation. 

On the other hand, in the Comparative Examples of 
Test Nos. 7 and 8, in which the samples were not irradiated 
by electron beams, although the heat resistant non-stick 
properties were equivalent to the Examples of the present 
invention, the heat resistant adhesive properties were 
inferior. In the Test No. 9, both the heat resistant 
adhesive properties and heat resistant non-stick properties 
were inferior. In the Test No. 10 in which a lower 
reheating temperature was applied, the heat resistant 
adhesive properties were inferior, although the heat 
resistant non-stick properties were favorable. In the Test 
No. 11 in which electron beams were irradiated at a higher 
dose, although the heat resistant adhesive properties and 
heat resistant non-stick properties were acceptable, cracks 
were produced in the film. This is due to the excessively 
reduced molecular weight of tetraf luoroethylene 
perfluoroalkyl vinyl ether copolymer by irradiation of 
excessive electron beams. As clear from these comparisons, 
a steel plate coated with a fluorine-containing resin which 
exhibits excellent heat resistant adhesive properties and 
heat resistant non-stick properties can be obtained by 
setting the dose of electron beams at 550 kGy and reheating 
the film at a temperature of 320 or more. 
[Effect of the Invention] 

As described above, in the present invention a film 
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of tetrafluoroethylene perf luoroalkyl vinyl ether copolymer 
is caused to adhere to the surface of a steel plate via a 
primer, and electron beams were irradiated from the film 
side, followed by reheating. 

The reheating temperature can be lowered by 
irradiation of electron beams, thereby suppressing the 
oxidation of the film surface. This in turn prevents the 
heat resistant adhesive properties from becoming impaired. 
As a result, a steel plate coated with a fluorine- 
containing resin exhibits both excellent heat resistant 
adhesive properties and excellent heat resistant non-stick 
properties, and is suitable for use as a material for 
cookware and heat-cooking utensils. 
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(54) TITLE OF THE INVENTION: RESIN TUBE 
(57) Abstract : 

[Object] To improve adhesiveness between a fluoro resin 
layer and a polyamide resin layer in order to prevent 
interlayer delamination of a multilayered resin tube 
without using a complicated surface chemical treatment. 

[Constitution] A resin tube comprising at least an inner 
layer and an outer layer, wherein the inner layer is 
formed from a fluoro resin and the outer layer is formed 
from a polyamide resin, and a crosslinking structure is 
introduced between the polymer molecules of the inner 
layer and the outer layer by irradiation. 
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[Claims] 
[Claim 1] 

A resin tube comprising at least an inner layer and 
an outer layer, wherein the inner layer is formed from a 
fluoro resin and the outer layer is formed from a 
polyamide resin, and a crosslinking structure is 
introduced between the polymer molecules of the inner 
layer and the outer layer by irradiation. 
[Detailed Description of the Invention] 
[Technical field] 

The present invention relates to a resin tube useful 
as fuel piping for automobiles and the like. In 
particular, the present invention relates to a resin tube 
comprising a laminated layer consisting of a fluoro resin 
layer and a polyamide resin layer. 
[Background Technology] 

Up to now, various materials have been used as tubes 
for piping such as tubes used for automobiles. For 
example, metals, resins, and the like are used in tubes 
for fuel piping or in connections. However, since metal 
tubes not only rust but also are extremely heavy, such 
tubes cannot meet the demand for lightweight automobiles. 
Therefore, resin tubes that are light in weight and do not 
rust, such as one made of a polyamide resin, have been 
widely used in recent years. 

However, a single layer tube made of a polyamide 
resin allows a large amount of gasoline to permeate, 
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thereby causing environmental pollution. Because of this, 
in order to reduce the amount of gasoline permeated, tubes 
having a two-layered structure comprising a fluoro resin 
layer having excellent gasoline-barrier characteristics 
provided inside the polyamide resin layer has been 
considered. However, because the adhesiveness of a fluoro 
resin and a polyamide resin is low, such tubes may be 
clogged during use due to the delamination of the layers. 

This problem can be overcome by providing the 
surface of the fluoro resin layer with a chemical 
treatment to introduce an active group. In this chemical 
treatment, the fluoro resin inner layer is molded by 
extrusion molding. An active group is introduced by 
immersing the molded layer in a chemical treatment 
solution, containing a sodium- ammonia complex or a sodium- 
naphthalene complex. The surface of the inner layer is 
then washed and dried. The outer layer is subsequently 
laminated on the inner layer using a polyamide resin. 
Therefore, the manufacturing process becomes very 
complicated and quality control becomes difficult due to 
the overseeing of the treatment when using a chemical 
solution, the degree of washing of the surface of the 
tube, and the like. 

[Problems to be Solved by the Invention] 

The present invention has been achieved in view of 
the above situation. An object of the present invention 
is to provide a resin tube having a multilayered structure 
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while exhibiting no interlayer delamination by improving 
the adhesiveness of the fluoro resin layer and the 
polyamide resin layer without using a complicated surface 
chemical treatment. 

[Means for the Solution of the Problems] 

According to the present invention, the above object 
can be achieved by a resin tube comprising at least an 
inner layer and an outer layer, wherein the inner layer is 
formed from a fluoro resin and the outer layer is formed 
from a polyamide resin, and a crosslinking structure is 
introduced between the polymer molecules of the inner 
layer and the outer layer by irradiation. 
[Constitution] 

According to the resin tube of the present 
invention, there are no specific limitations to the fluoro 
resin for the inner layer and the polyamide resin for the 
outer layer. Any polymer in which a crosslinking 
structure is introduced by radiation can be used. 

As examples of the fluoro resin, 
polyvinyl idenef luroride (PVDF) , 

polychlorotrif luoroethylene (CTFE) , copolymers such as a 
copolymer of ethylene and tetraf luoroethylene (ETFE) and a 
copolymer of ethylene and polychlorotrif luoroethylene 
(ECTFE) , graft polymers, and polymer blends can be used. 

As examples of the polyamide resin, conventionally 
known aliphatic or aromatic polymers such as polymers of 
lactam, condensation polymers of diamine and dicarboxylic 
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acid, polymers of amino acid, copolymers of these 
compounds, and polymer blends of these polymers can be 
used appropriately. Specific examples of the polyamide 
resin include Nylon 6, Nylon 66, Nylon 610, Nylon 612, 
Nylon 11, Nylon 12 and the like. 

Crossl inking improvers are added to these resin 
materials in order to improve crosslinking efficiency, as 
required. Examples of well-known crosslinking improvers 
include HDDA (hexanediol diacrylate) , TPGDA ( tripropylene 
glycol diacrylate) , DEGDA (diethyl ene glycol diacrylate) , 
TEGDA (tetraethylene glycol diacrylate) , TMPTA 
(trimethylolpropane triacrylate) , GPTA (glycerolpropoxy 
triacylate) , TMPEOTA ( trimethylolpropaneethoxy 
triacylate) , PETA (pentaerythritol acrylate) , TAIC 
(triallyl isocyanurate) , THEICA 

(trishydroxyethylisocyanuric acrylate) , SnCl 2 , and the 
like. Any of these crosslinking improvers can be used in 
the present invention. Types and amounts of crosslinking 
improvers to be used are determined according to the types 
of the resin materials and the desired degree of a 
crosslinking structure. In addition, other characteristic 
giving agents or additives can be added to the resin 
materials . 

In the present invention, each of the fluoro resin 
and the polyamide resin is homogeneously mixed at a 
temperature lower than the melting point of the resins. 
According to a conventional operation of extrusion 
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molding, the inner and outer layers are respectively 
molded from the fluoro resin and the polyamide resin using 
a two-axle screw extruder and the like to form the resin 
tube having a lamination structure. For example, a tube 
having a two- layered structure is prepared by 
simultaneously molding the inner and outer layers on a 
mandrel by extrusion molding and curing or solidifying the 
tube to form a tube having a predetermined inner diameter. 
This molding can be performed without using a mandrel. 
The thickness of the tube is appropriately determined 
depending on the purpose. For example, in the case of the 
tube for fuel piping for automobiles, the thickness of the 
inner layer and the outer layer is preferably 0 . 3 mm and 
0.7 mm, respectively. 

In the present invention, the fluoro resin for the 
inner layer and the polyamide resin for the outer layer 
are subsequently crosslinked by exposure to radiation. In 
particular, adhesiveness of these layers can be 
effectively improved by introducing a crossl inking 
structure between polymer molecules of the inner and outer 
layers. As radiation to be used, electromagnetic waves 
such as electron beams, -rays, and -rays are usually 
employed. The dose is properly determined depending on 
types of the resin materials or crosslinking improvers, 
desired adhesive strength, and the like. As described 
above, according to the present invention, since the 
adhesiveness of the layers is improved by the irradiation, 
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the process and quality control become remarkably simple 
compared to the conventional method using a surface 
chemical treatment. Because of this, the tube can be 
manufactured with superior productivity. 

According to the present invention, a protective 
layer having a thickness of 0.5-2 mm may be provided on 
the outer surface of the resin tube using solid materials 
such as rubber, flexible resins, and thermoplastic 
elastomers, foam, and the like. In this case, such a 
protective layer can be made to adhere to the resin tube 
without using adhesives by irradiating the resin tube 
after laminating the protective layer on the resin tube. 
[Examples] 

The present invention will now be described in more 
detail by way of examples below, which should not be 
construed as limiting the present invention. It should be 
clearly understood that numerous modifications, 
amendments, and variations of the present invention other 
than the following Examples and as specifically described 
herein are possible on the basis of the knowledge of a 
person who is skilled in the art. 

According to a conventional extrusion molding 
process, four tubes for Examples and two tubes for 
Comparative Examples having a two- layered structure as 
shown in Table 1 were formed. The inner and outer 
diameters of the tubes were 6 mmand 8 mm, respectively. 
The thickness of the inner and outer layers was 0.3 mm and 
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7 mm, respectively. In the examples, a crosslinking 
structure was introduced into the tubes by exposure to 
radiation (electron beams). m Comparative Example 1, the 
outer layer was laminated after providing the inner layer 
with surface chemical treatment. The tube in Comparative 
Example 2 was provided with neither exposure to radiation 
nor surface chemical treatment. 

Test specimens having a width of 1 inch were 
collected from each tube. Peel strength of the test 
specimens was measured according to the 180 degree 
friction test of JIS-K-6301. The results are shown in 
Table 1. Symbols in Table 1 are as follows. 
ETFE: copolymer of ethylene and tetraf luoroethylene 
F-l: flexible fluoro resin (trade name: Cefralsoft G180, 

manufactured by Central Glass Co., Ltd.) 
F-2: polymer blend of F-l and polyvinyl idenef luoride in a 

ratio (weight ratio) of 50:100 
TAIC : triallylisocyanurate 

PA12p: Nylon 12 blended with plasticizers 
[Table 1] 



Tube 

structure 



Inner 
layer 



Fluoro resin 



Outer 
layer 



Crosslinking 
imp rover 



Example 



ETFE 



TAIC 



wt% 



Polyamide 
resin 



Crosslinking 
improver 



Exposure to radiation 



wt% 



PA12p 



TAIC 



F-l 



TAIC 



PA12p 



TAIC 



F-2 



TAIC 



PA12p 



TAIC 



F-2 



TAIC 



PA12p 



TAIC 



Comparative 
Example 



ETFE 



PA12p 



(*) 



ETFE 



PA12p 



8 



Dose (Mrad) 


10 


10 


10 


20 






Peel strength (kgf/inch) 


2.9 


3.3 


3.0 


3.6 


3.2 


0.1 



inner layer was provided with a surface chemical 



treatment . 



As is clear from the results in Table 1, the tube 
in Comparative Example 2, in which the inner layer was 
only laminated on the outer layer without any treatment, 
exhibited low peel strength and may experience 
delamination. The tube in Comparative Example 1 exhibited 
improved peel strength because of the surface chemical 
treatment, however, the manufacturing process became 
complicated. On the other hand, peel strength of the 
tubes in Examples 1-4 was effectively improved only after 
exposure to radiation. 
[Effect of the Invention] 

As is clear from the above description, according to 
the resin tube of the present invention, since a 
crosslinking structure is introduced between polymer 
molecules of the inner layer and the outer layer by 
irradiation, adhesiveness of the inner layer formed from a 
fluoro resin and the outer layer formed from a polyamide 
resin is effectively improved, thereby advantageously 
preventing interlayer delamination. Since the irradiation 
process is more simple compared to a conventional surface 
chemical treatment and quality control is easy, the resin 
tube can be manufactured with extremely high productivity. 
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